Abstract Ceramic-on-ceramic coupling is thought to be a durable alternative to metal-or alumina-on-polyethylene pairing. No evidence exists suggesting superior clinical and radiological results for hydroxyapatite-coated stems versus uncoated stems. The aim of this study is to report the performance of an alumina-on-alumina bearing cementless total hip arthroplasty and to compare stems with a tapered design with and without hydroxyapatite coating. We prospectively analysed the results of cementless tapered femoral stems (40 hydroxyapatite-coated versus 22 uncoated stems), a metal-backed fibre mesh hydroxyapatite-coated socket and alumina-on-alumina pairing. Of 75 hips studied, 62 were available for follow-up (mean of 10.5 years after surgery). The average Harris hip score was 90. Only one hydroxyapatite-coated stem was revised for aseptic loosening.
Introduction
Polyethylene wear debris is thought to induce osteolysis after total hip arthroplasty (THA) [1] . Ceramic-on-ceramic bearing with a metal-backed socket is an alternative coupling with minimal wear and the potential to reduce polyethylene debris-associated problems after THA [2, 3] . Problems with alumina ceramic reported in the past seem to have been overcome with improved design and manufacture [4] . Short-and intermediate-term results with contemporary ceramic bearings have been published with promising clinical and radiological outcomes [4] [5] [6] .
Hydroxyapatite coating in THA is believed to enhance initial fixation and osseous integration, thus promoting stable bony ingrowth between the implant and the surrounding bone [7, 8] . Human histomorphometric studies have shown that the hydroxyapatite coating resorbs with time [9] . While hydroxyapatite is not involved in polyethylene-induced inflammatory bone reaction, the concern has been raised whether debonded hydroxyapatite might increase polyethylene wear [9] . Reports of the Swedish Hip Arthroplasty Register have shown an increased risk of revision of acetabular cups coated with hydroxyapatite [10] . Numerous studies have reported excellent survivorship with cementless hydroxyapatite-coated stems as well as uncoated stems [11] [12] [13] . Independent of good long-term clinical results, high rates of proximal osteolysis have been observed, usually associated with increased polyethylene wear [12, 14] . The meta-analysis of Gandhi et al. [3] , which included only randomised controlled trials or comparative observational studies comparing hydroxyapatite-coated and uncoated stems, found no clinical benefits in the use of hydroxyapatite coating. In a matched series study of cementless stems with and without hydroxyapatite coating (polyethylene inlays were used in all cases) the prevalence of radiographic findings of femoral osteolysis was 16% in stems with hydroxyapatite coating compared to 43% in stems without hydroxyapatite coating [12] .
To our knowledge, minimum ten-year results of a contemporary stem with tapered design and a hydroxyapatite-coated press-fit cup with alumina-on-alumina pairing have not been published. Furthermore, there is no prospective study that clinically and radiographically compares two cohorts of patients with cementless THA and alumina-on-alumina bearing differing exclusively with respect to the presence of hydroxyapatite coating of the stem.
The study had two objectives: First, the clinical and radiological performance of a consecutive series with a contemporary alumina-on-alumina bearing cementless THA is described after a minimum follow-up of ten years. Second, we prospectively analysed whether the clinical and radiographic performance of the cohort of patients with hydroxyapatite-coated stems compared favourably to the outcome in patients with non-coated stems.
Patients and methods
Between 1997 and 1999, we performed 75 consecutive unselected primary THA in 71 patients with primary and secondary osteoarthritis using the cementless Cerafit hip system (Ceraver Osteal, Roissy, France) with alumina-onalumina pairing. For the first 25 THA non-hydroxyapatitecoated stems were used; the following 50 implanted stems were hydroxyapatite coated with otherwise identical design differing only in the hydroxyapatite coating.
For the follow-up analysis after a mean time of 10.5 years (min. 10.1, max. 11.4) there were 27 women (30 hips) and 31 men (32 hips) with an average age of 58 years (34-77 years) at time of surgery. Five patients (five hips) were lost to follow-up and eight patients (eight hips) had died prior to follow-up investigation. Two femoral components were changed: one due to aseptic loosening two years after implantation and the other due to periprosthetic fracture four years after implantation. There were 31 patients rated as Charnley class A, 19 patients as Charnley class B and eight patients as Charnley class C. The demographic data of the hydroxyapatite-coated versus uncoated patient cohorts are shown in Table 1 .
The Cerafit femoral component is a collarless, threedimensional tapered-wedge stem made of titanium alloy (Ti6Al7Nb) (Ceraver Osteal, Roissy, France). Ribs in the proximal part of the prosthesis are designed to minimise rotational migration. The surface was rough blasted; 50 of the stems used were hydroxyapatite coated [Ca 5 (PO 4 All procedures were performed by one senior surgeon in a closed air enclosure with laminar air flow. All patients were placed in the supine position and operated up on with a direct transgluteal lateral Bauer approach. The largest stem that provided a stable press-fit was inserted after preparation of the femoral canal with chipped-tooth broaches.
Postoperatively, touch weight-bearing up to 15 kg was allowed for the first six weeks, then progressively increased loading to full weight-bearing within the following two weeks. Preoperatively and at the final follow-up, all patients were assessed clinically using the Harris hip score (HHS).
Plain weight-bearing radiographs in anteroposterior and lateral views were analysed by two independent observers (LAM and AMK) who were unaware of the clinical outcome. Evaluation of the femoral and acetabular components was performed using published criteria [15] . Radiological "stability", stress shielding, radiolucent lines and cortical hypertrophy of the femoral component were additionally assessed according to the criteria of Engh et al. [16] . We defined "osteolysis" as localised bone resorption or endosteal resorption, as proposed by Willert and coworkers [17] . To estimate correct size of the stem, we determined the canal fill index on the first radiographs postoperatively [18] . To secure comparable results, our cutoff for defining undersizing was a canal fill index of <80%, as previously proposed [19] . Varus or valgus malalignment of the CLS stem was estimated on plain postoperative anteroposterior radiographs as an angle of 3°or more between the femoral axis and stem axis. Stem migration was estimated as previously published [20] . Our cutoff defining vertical migration was set at 3 mm. Location of radiolucent lines, osteolysis and cortical hypertrophy were rated according to the Gruen criteria. For the evaluation of the acetabular component we used the same criteria and the classification according to DeLee and Charnley [21] . For evaluation of heterotopic ossification the Brooker classification was used. Stress shielding was classified as grade 1 when only resorption of the medial edge of the resection line appeared. Grade 2 meant additional proximal medial bone resorption, while grade 3 findings extended more distally [22] .
The placement of the acetabular component was evaluated by measuring the angle of the cup to the transischial tuberosity line (lateral inclination) on the plain radiograph two weeks postoperatively and at follow-up [23] .
Statistics
The Wilcoxon two-sample test was used to evaluate any difference between hydroxyapatite-coated and uncoated stems with respect to stress shielding and the clinical outcome. Furthermore, it was used to test the influence of stress shielding on the clinical result. Implant survival was estimated with a Kaplan-Meier survival curve. A p value of <0.05 was considered significant.
Results
Of the 71 patients (75 hips, 50 coated with hydroxyapatite/25 uncoated) in this study, eight patients (8 hips) had died prior to the time of the follow-up. Intermediate clinical and radiological follow-up ranging from two to six years of four of the deceased patients (four hips, three HA) showed radiological signs of stable ingrowth of all stems without impending failures. There were four patients (four hips, one HA) who had died with their hips intact, but there were no clinical or radiological data beyond the one-year follow-up. At that time the implant was functioning well. Five patients (five hips) were lost to follow-up, three of these patients (three hips) had moved away and were contacted by phone and none of the hips were revised. For two patients (two hips) only a two-month postoperative clinical and radiological follow-up was available with a wellfunctioning hip. The Kaplan-Meier survival curves for hydroxyapatite-coated and uncoated stems are presented in Figs. 1 and 2 .
Thus, clinical and radiological data were available for 58 patients (62 hips) after a mean of 10.5 years follow-up (min. 10.1, max. 11.4). Of the 62 implants directly accounted for, two femoral components coated with hydroxyapatite were revised: one for aseptic loosening two years after implantation and the other due to periprosthetic fracture four years after implantation. All other stems showed bony ingrowth; no acetabular component had to be revised. There was no failure of the alumina-on-alumina pairing.
The HHS was taken pre-and postoperatively. Range of hip motion was limited to less than 110°in all cases. At follow-up the average HHS was 89.9 for coated and 90.2 for uncoated stems; 42 hips were rated as excellent (67.7%), 12 as good (19.4%), five as fair (8.1%) and three as poor (4.8%) ( Table 2) .
There was no statistical difference (p=0.103) between the clinical outcome of hydroxyapatite-coated and uncoated stems. 
Femoral component
At the mean 10.5-year follow-up, all stems presented complete bony ingrowth with no signs of definite or probable loosening. No postoperative subsidence was seen. Three stems were undersized, three positioned in slight varus and one in minimal valgus position. Proximal stress shielding was observed in all hips (Fig. 3) . Grade 1 and 2 stress shielding was 89% for the hydroxyapatite-coated and 87% for the uncoated stems (p=0.62). There was no correlation between stress shielding of the stem and the clinical outcome of the patients in either the uncoated group (p=0.46) or in the hydroxyapatite-coated group (p=0.52). There was no case of femoral osteolysis (Table 3) .
Cortical hypertrophy of the femur was seen in two hips of the coated group in Gruen zones 3 and 5. There was no relationship between coated and uncoated stems and the HHS at the ten-year follow-up (p=0.103).
Acetabular component
For all 62 acetabular cementless components fixation was good without change in position at the mean 10.5-year follow-up. The mean lateral inclination at two weeks postoperatively was 37.4° (20-52°) and at the time of follow-up it was 37.5° (22-56°) . No acetabular component or alumina liner was revised. One of two components fixed with one screw showed osteolysis (9×15×9 mm) around the screw.
Seven cups had zone 2 gaps presenting with initial radiolucencies at two weeks; six had closed the gap at the ten-year follow-up and one had a remaining nonprogressive zone 2 radiolucency. Three additional cups showed radiolucencies at the ten-year follow-up, one in zone 1 and two in zone 2. At the ten-year follow-up five cups presented with stress shielding in zone 1, eight cups in zone 2, three cups in zones 1 + 2 and five cups in zones 2 + 3.
Discussion
With regard to the two objectives of our study we found that the clinical and radiological performance of the presented cementless THA with alumina-on-alumina bearing was good to excellent after a minimum follow-up of ten years. Hydroxyapatite-coated stems did not out perform the non-coated stems. The absence of measurable wear and only one case of osteolysis in this series seems to underline the benefit of alumina-on-alumina coupling compared to other bearing surfaces [14] . Only two stems (aseptic loosening in one case and a periprosthetic fracture in the other) had to be revised. All other stems and cups showed signs of stable ingrowth after a mean follow-up of 10.5 years (minimum 10.1 years).
Femoral fixation
Numerous studies have reported excellent survivorship with cementless hydroxyapatite-coated and uncoated stems [11, [12, 14] .
The meta-analysis of Gandhi et al. [3] found no clinical benefits in the use of hydroxyapatite coating of the stem. Two studies comparing hydroxyapatite-coated and uncoated stems with a follow-up period comparable to our study have been published; both found no significant differences in the clinical results, radiographic results or the survival distributions with regard to the presence or absence of hydroxyapatite-coated and uncoated stems [24, 25] . Higher rates of femoral osteolysis were found for uncoated (43%) compared to coated (16%) stems; a polyethylene insert was used in all cases [12] . We found no demonstrable advantages of hydroxyapatite coating of the stem with regard to the clinical outcome [25] . We observed no significant difference in pain relief, improvement of function or proximal stress shielding between the hydroxyapatite-coated and uncoated group.
In contrast to the observations of Parvizi et al. [24] , Yoon et al. [25] and Sanchez-Sotelo et al. [12] , no evidence of osteolysis of the femur and only one case of nonprogressive acetabular osteolysis around a screw was seen in either group. The low incidence of osteolysis might be attributed to the alumina-on-alumina bearing used in our study. The concern that debonded hydroxyapatite might increase polyethylene wear and thus osteolysis seems irrelevant with the alumina-on-alumina bearing [6, 9] . The known resorption of hydroxyapatite coating with time has had no radiologically visible impact on the stable bony ingrowth (spot welds) between the implant and the surrounding bone in our study [9] . Acetabular fixation Acetabular fixation is the major problem compromising the longevity of cementless THA [8, 26, 27] . While numerous studies with excellent results for cemented and uncemented stems have been reported, all have inferior results for the acetabular components with the use of polyethylene inlays (with either metal or ceramic heads) in common [3, 8, 11, 26] .
A report of the Norwegian Arthroplasty Register showed that hydroxyapatite-coated cups with polyethylene inlays showed higher revision rates and more radiological signs of aseptic loosening compared to the cemented polyethylene Charnley cup [27] . After a mean follow-up of 81 months Blacha and Gagala [8] predict a survival rate of 86±7% at ten years for hydroxyapatite-coated hemispherical cups with polyethylene inserts. After a mean 81-month followup, four of 60 cups had to be revised because of osteolysis, and in another six cups osteolysis was seen [8] . The Swedish Hip Arthroplasty Register has shown an increased risk of revision of acetabular cups coated with hydroxyapatite [10] . None of our acetabular components needed revision; additionally, only one of our cups showed nonprogressive osteolysis. Hydroxyapatite coating did not seem to have a negative effect on our fibre mesh cup.
Good long-term survivorship rates of the fibre mesh cementless Harris-Galante porous I and II acetabular components have been reported, but eccentric wear of the polyethylene inlay and osteolysis remained a problem [28] . We attribute the lack of wear and only one case of nonprogressive osteolysis in our group to the alumina-onalumina bearing surface.
Conclusion
Durable femoral and acetabular fixation and good clinical results were achieved independent of femoral coating. The absence of measurable wear and only one case of osteolysis in this series seems to outline the benefit of alumina-onalumina coupling compared to other bearing surfaces but remains speculative at this stage. 
